Abstract. Ettingshausenia cuneifolia is reported from the Cenomanian to Turonian Mikasa Formation of central Hokkaido. These leaves occur exclusively in carbonaceous mudstone deposited in either lagoon or marsh. Based on their mode of occurrence, these remnants may have been trapped in the sediments without long prior transport (parautochthonous).
Introduction
Angiosperms are the largest class of land plants and their species diversity is attributed mostly to the Eudicot diversification which followed the diversification of basal angiosperms (Chase et al., 1993; Soltis et al., 1999; APG II, 2003) . Therefore, the Eudicot diversification, which occurred most intensely in the Albian to Cenomanian (Hickey and Doyle, 1977) , transformed the earth's landscape.
Recent molecular phylogenetic studies incorporating multiple gene sequences indicate that the Eudicots would be further divided into the early-diverging Eudicots and the core Eudicots with the former grade including the Ranunculales and Proteales (Soltis et al., 2000; Kim et al., 2004) . This order of diversification is concomitant with the paleobotanical records in which the early-diverging Eudicots and basal core Edicots, including platanoids or lower Hamamelidids, radiated in the mid-Cretaceous before the Eurosids and Euasterids (Hickey and Doyle, 1977; Crane et al., 1995) . However, the nature of this diversification and the habitats of early platanoids or lower Hamamelidids are not well understood.
In contrast to the abundant records of mid-Cretaceous platanoids from Eurasia and North America, there is only one record known from this age in Japan: the wood of Plataninium jezoensis Ken. Takahashi and M. Suzuki from the Cenomanian to Turonian Middle Yezo Group of Hokkaido (Takahashi and Suzuki, 2003) . Furthermore, despite extensive paleobotanical studies on Cretaceous plant fossils (e.g., Stopes and Fujii, 1910; Endo, 1925; Oishi, 1940; Matsuno et al., 1964; Nishida, 1991 Nishida, , 2005 Takahashi and Suzuki, 2003) , little is known about mid-Cretaceous vegetation in Japan.
Here, we report platanoid leaves from the Cenomanian to Turonian Mikasa Formation of the Yezo Group, outcrop along the Pombetsu River, Mikasa City, Hokkaido (Figure 1 ). Their mode of occurrence and their significance are discussed.
Geological setting of sample site

Geological outline
The Cretaceous to Paleocene forearc basin-fill and accretionary complex are exposed across a 200 km wide and 400 km long belt in the mountainous spine of central Hokkaido (Ando, 2003; Takashima et al., 2004 ; Figure 1 ). The Cretaceous Yezo Group represents forearc basin sediments that accumulated on the east margin of the paleo-Asian continent (Figure 1 ). The platanoid leaves were collected from Pombetsu, Mikasa, central Hokkaido, Japan, where the Mikasa Formation of the Yezo Group outcrops (Figure 1 ). The Mikasa
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Formation is mainly distributed along the NNE-SSW trending Sorachi-Ikushunbetsu Anticline and the sample site is located in the western wing of the axis (Figure 1 ). Biostratigraphic studies of molluscan fossils suggest that the Mikasa Formation ranges from the Cenomanian (or late Albian) to the late Turonian (Ando, 1987 (Ando, , 1990a Takashima et al., 2004) . Westward-shallowing depositional environments are inferred in the Mikasa Formation (Ando, 1987 (Ando, , 1990a Takashima et al., 2004) .
The Mikasa Formation in the western wing of the Sorachi-Ikushunbetsu Anticline is divided into five units according to the sedimentary facies: Me, Twa, Twb, Twc, Twd (Matsuno et al., 1964; Ando, 1987 Ando, , 1990a . The middle part of Twb, which is the coarsest unit of the Mikasa Formation, outcrops at location MP001. The Twb unit includes sediments deposited in swamp (or marsh) and shoreface (Ando, 1987 (Ando, , 1990a . The probable age of the Twb unit is the upper Cenomanian to the lower Turonian based on the age of the upper (Twa) and lower units (Twc) (Ando, 1987 (Ando, , 1990a .
Lithofacies of location MP001 and occurrence mode of plant fossils
The sediments deposited in either swamp or marsh (Ando, 1987 (Ando, , 1990a outcrop in location MP001 and are divided into six beds (A to F) in ascending order ( Figure 2 ). Two cycles of flooding and subsequent soil formation are recognized (Bed B to C and Bed D to E). Plant remains are contained in the horizons ranging from the middle part of Bed C to the middle part of Bed D (Figure 2 ). The plant remains become larger upward through those strata.
Bed A.-Medium-grained sandstone with trough cross-stratification and frequently intercalated pebblegraveled conglomerates (<10 cm).
Bed B.
-5-cm thick carbonaceous very fine-grained sandstone grading upward to very-fine-grained sandstone of Bed C with an indistinct boundary between this bed and Bed C.
Bed C.-35-cm thick carbonaceous mudstone with weak parallel laminae in the lower part (up to 13 cm from bottom). Upright roots are frequent in the middle part (between 13 and 33 cm from bottom) with rich organic soil. Traces of these roots are often filled with pyrites ( Figure 3A ). Roots are rare in the upper part (above 33 cm from bottom). In the middle part, most of the plant litter has been fragmented into small pieces with an area of less than three square centimeters, although it can be identified as platanoid leaves from the char- acteristic features, such as sinuate margin with teeth or ladder-like venation formed by secondary and tertiary veins ( Figures 3B, C) . In the upper part, almost-intact platanoid leaves are condensed with many leaves curled or folded (Figures 3D, E) and encased in the sediments with the adaxial surface up. The sizes of the leaf fragments are less than 100 square centimeters.
Bed D.-30-cm thick carbonaceous siltstone with parallel laminae in lower (up to 6 cm from bottom) and upper parts (down to 14 cm from top). Convolute laminae are often developed in the upper part. Climbingripple laminae are developed in the middle part (ranging 6 to 16 cm from bottom). In the lower part, the abundant platanoid leaves are less damaged than in Bed C. Leaf laminae are variously oriented ( Figures  3F, G) . Platanoid leaves are almost intact, thus the sizes of the leaf fragments are more than 100 square centimeters. In the middle part, many platanoid leaves are contained in the climbing-ripple laminae. In addition to the platanoid leaves, two small fragments of Anemia cf. dicksoniana frond were also obtained. The preservation is as good as in the lower part of Bed D and sizes of platanoid leaves are almost the same as those of the lower part of Bed D.
Bed E.-15-cm thick carbonaceous clay stone with weakly parallel laminae in the lower level up to 4 cm from bottom and rich organic soil in upper part (above 4 cm from bottom). The roots are disintegrated and the traces are filled with pyrites.
Bed F.-More than 1 m thick medium-grained sandstone with trough cross-stratification, eroding Bed E.
Taxonomy
Class Magnoliophyte Genus Ettingshausenia Stiehler 1857 Ettingshausenia cuneifolia (Bronn) Stiehler 1857
Credneria cuneifolia Bronn, 1837 , p. 583, pl. 28, figs. 11. Engelhardt, 1885 , pl. 1, figs. 2, 7. Rüffle, 1968 fig. 6 ; pl. 29, figs. 1-8. Platanus cuneifolia (Bronn) Kryshtofovich. Tanai, 1979, p. 108, pl. 12, fig. 12 ; pl. 13, figs. 9, 10; text-figs. 4, 5. Platanus (Credneria) heeri (Lesquereux) Krasilov, 1979, p. 112, pl. 47, figs. 1-4.
Specimens.- Figures 4A, 5A (NSM-PP-9087), 4B, 5B (NSM-PP-9088), 4C, 5C (NSM-PP-9089), 4D, 5D (NSM-PP-9090), 4E, 5E (NSM-PP-9091). All specimens are housed in the Paleobotanical Collections of National Museum of Nature and Science, Tokyo.
Description.-Obtained laminae variable in size, i.e., 3-16 cm in length and 3.5-17 cm in width. Petiole stout, 1 to 2 cm in length and ca. 0.3 cm in width. Leaves unlobate or vestigially trilobate with crenate or broadly dentate margin. Teeth acuminate or attenuate and separated by arcuate sinus. Lamina (or lobe) apex obtuse in many specimens. Lamina base decurrent. Midvein stout, nearly straight, diverging into three lateral primary veins above laminar base in palinactinodromous orders (Figures 4, 5) . Secondary veins diverged from primary veins at angles of ca. 40°, forked once or twice. Secondary and subsecondary veins terminated at teeth apex. Tertiary veins well developed over whole lamina and diverging at nearly right angles from secondary or subsecondary veins. Two adjacent secondary (or subsecondary) veins and tertiary veins between them form series of rectanglar loops. Distinct areoles formed by quarternary and tertiary veins, or only by quarternary veins.
Remarks.-The specimens can be referred to platanoid leaves based on the following characters: unlobate or vestigially trilobate laminar, dentate or crenate laminar margin, acuate sinus between teeth, decurrent laminar base, well-developed tertiary veins, ladder-like venation formed by secondary and tertiary veins, and palinactinodromous venation (Oishi and Huzioka, 1943; Hickey and Wolfe, 1975; Maslova et al., 2005) . These external foliar morphologies are common to extant Platanus species, but exact relationship between such platanoid and extant genus Platanus has not been clarified (Rüffle, 1968 (Rüffle, , 1995 Maslova et al., 2005) . Maslova et al. (2005) proposed the use of Ettingshausenia cuneifolia (Bronn) Stiehler as morphogenus for such Cretaceous and Paleocene platanoid leaves with uncertain phylogenetic affinity.
In Asia and Far East Russia, Ettingshausenia cuneifolia is also reported from the upper Santonian to Campanian Kuji Group (Tanai, 1979) , although it is described as Platanus cuneifolia. Our specimens cannot be distinguished from platanoids collected from the Cenomanian "Upper" Formation of the Mifune Group in Kumamoto Prefecture, southwestern Japan (A. Narita, unpublished observation). Platanus (Credneria) heeri Lesquereux, from the Upper Cretaceous of Sakhalin (Krassilov, 1979) , is also included in this species because it has palinactinodromous venation which is unlikely seen in Credneria species (Maslova et al., 2005) . Kvaček and Váchová (2006) distinguished leaves with deltoid base from E. cuneifolia and assigned them to E. bohemica (Velenovský) Kvaček and Váchová. However, the difference in leaf base could be interspecific variation because extant platanaceous species exhibit considerable variations in leaf shape (Oishi and Huzioka, 1943; Denk, 2006) .
Discussion
It is suggested that the morphogenus Ettingshausenia would be related to the early-diversing eudicots or early-diversing core eudicots families, such as Platanaceae, Menispermaceae, and Hamamelidaceae (Rüffle, 1968 (Rüffle, , 1995 Maslova et al., 2005) , although exact phylogenetic affinity of the morphogenus is uncertain. As illustrated by the abundant occurrence of Ettingshausenia species, diversification of Eudicots occurred in the northern hemisphere including northeastern Asia during the Albian to Turonian period (e.g., Hickey and Doyle, 1977, Sun et al., 2001; Maslova et al., 2005; Kvaček and Váchová, 2006) . This report of Ettingshausenia cuneifolia from the Cenomanian to Turonian Mikasa Formation provides additional support for this scenario.
At location MP001, Ettingshausenia cuneifolia are concentrated in swamp or marsh deposits (Ando, 1987 (Ando, , 1990a . The leaves are degraded into small pieces in soil (middle part of Bed C) where the sediments are bioturbated by roots. On the contrary, they are best preserved in the second flooding horizon (lower and middle parts of Bed D) and underlying horizon (upper part of Bed C) where no roots were found. Scheihing and Pfefferkorn (1984) pointed out that bioturbation of sediments by roots and subsequent oxidization of plant litter would facilitate their degradation. This preservative difference found in the location MP001 also suggests that the avoidance of such disturb due to rapid burial contributes to the preservation of intact plant remnants.
We could not infer the exact habitat for Ettingshausenia cuneifolia in the land of the Mikasa Formation, but the exclusive occurrence of the same kind of leaves would imply that these litters are not transported far away from their sites of growth (Scheihing and Pfefferkorn, 1984; Ferguson, 1985; Gastaldo et al., 1996) . Taking the sedimentary environments of the location MP001, their site of growth might have been close to either swamp or marsh where the leaves were trapped in sediments.
